[Purpose] The present study aimed to determine the changes in physical and balance performance following exercise-induced muscle damage using a sport-specific protocol. [Subjects and Methods] Fifteen collegiate soccer players were asked to perform a sport-specific sprint protocol to induce muscle damage. The markers of muscle damage (soreness, range of motion, limb girth, muscle strength, creatine kinase and lactate dehydrogenase), physical performance (speed, agility and power) and balance (static and dynamic balance) were assessed at baseline and 24, 48 and 72 hours following the sprint protocol.
INTRODUCTION
Soccer is the most popular sport consisting of exercise periods of high intensity interspersed between exercise periods of low intensity and involves activities that require numerous eccentric actions [1] [2] [3] . Participation in the unaccustomed or increased intensity and duration of eccentrically biased exercise often results in ultra-structural damage to skeletal muscle in both novel and elite athletes [4] [5] [6] . This temporary cellular damage occurring in the skeletal muscle after unaccustomed exercises is called exercise induced muscle damage (EIMD) 7) which is characterized by the disruption of contractile and non-contractile proteins with the decomposition of sarcolemma 8) , increased concentration of muscle protein in bloodstream 9) , delayed-onset muscle soreness (DOMS) 10) , decreased range of motion 11) , swelling 12) , impaired proprioceptive function and neuromuscular control 13) , and prolonged loss of muscle function 14) . Moreover, this skeletal muscle damage can affect performance through a reduction in the joint range of motion, pain, and peak torque 15) .
Researchers have utilized many modes of damaging exercise for inducing EIMD, more specifically downhill running and plyometric exercises, however, these protocols still lack sports specificity and direct application to field sports [16] [17] [18] [19] [20] [21] and are mostly used for isolated muscle damage. Thompson et al. 22) found that an intermittent sprinting protocol resulted in muscle soreness by imposing a large mechanical stress on quadriceps and hamstrings as they work to decelerate the body's mass. Other researchers have also provided a useful model utilizing sports-specific repeated sprint sessions with a rapid deceleration to induce EIMD in the hamstrings, quadriceps, and the calf muscles 23, 24) . The current study, therefore, utilizes this sports specific task to elicit EIMD in soccer players.
Soccer is characterized by a large number of sprints, accelerations and decelerations 25) and direction changes. Therefore, the players require good speed, power, agility, and balance for the optimal performance. Balance in soccer is necessary to maintain single leg stance while shooting accurately, dribbling and passing the ball 26, 27) . Balance or postural control is a dynamic process by which the body is maintained in equilibrium 28) . Balance can be categorized into static, dynamic, and functional 29, 30) . Static balance is the ability to maintain a position with the minimal movement. Dynamic and functional balances involve the maintenance of the center of gravity (COG) over a moving base of support which is more critical for athletic movement than static balance.
Several factors such as proprioceptive deficits, muscle weakness, muscle injury (strain), and sports participation can affect balance 29, 31) . DOMS is often categorized as a type I muscle strain 32) and clinically, acute strains and DOMS are very similar 33) . Previous studies reported that muscle damage following eccentric exercises can change the kinesthetic sense 34, 35) . Therefore, DOMS is hypothesized to alter the balance. Balance ability has an important effect on the sports performance 36) . Poor balance has been associated with an increased risk of injuries in a number of sports 37) . However, there is a dearth of information as to how EIMD influences balance, as well as speed, agility and power, which are essential components of not only training and competition but also prevention and rehabilitation of sports injuries. Therefore, the purpose of the present study was to examine the changes in physical performance (speed, power and agility) and balance performance (static and dynamic balance) resulting from EIMD following sport-specific repeated sprints in male collegiate soccer players.
SUBJECTS AND METHODS
Fifteen male college soccer players (mean age, 21.3 ± 2 years, height 172.2 ± 6.6 cm, weight 66.1 ± 11 kg and BMI 22.3 ± 3.2) from Jamia Millia Islamia, New Delhi, India, participated in the study. Ethical approval was granted by the institutional ethics committee and the subjects were given a written informed consent. All the subjects regularly participated in the collegiate soccer and did sport-specific training at least 4 times/week. Those involved in resistance training for at least 12 months prior to this study, martial arts or dancing, which may influence balance abilities or prior balance training were excluded. In addition, individuals having any history of lower limb injury, cerebral concussion and vestibular disorders for 3 months before testing were also excluded. Participants were asked to refrain from competitive events, resistance exercise, and avoid use of alcohol, nutritional supplements, and non-steroidal anti-inflammatory drugs during the study duration. The sample size was calculated using the Pass 11 software which showed that a sample of 15 subjects would achieve a 95% power to detect a difference of 1 in a design with 4 repeated measurements having a compound symmetrical co-variance structure when the standard deviation is 1, the correlation between observation on the same subject is 0.5 and the α level is 0.05.
Subjects were tested on five separate days. Prior to each test, the subjects were given a demonstration of the tests. On the first day of testing, subject's height, weight, knee range of motion (ROM), thigh circumference and muscle strength for quadriceps and hamstrings (MVIC) were measured in the human performance lab, Centre of Physiotherapy and Rehabilitation Sciences, Jamia Millia Islamia. Two milliliter blood samples were drawn from the antecubital vein to determine baseline Creatine Kinase (CK) and Lactate Dehydrogenase (LDH) levels. Immediately thereafter, subjects were tested for physical performance parameters using the vertical jump, 20 meter (m) sprint and the Illinois agility test, and static and dynamic balance. On the second day of testing, the subjects performed the repeated sprints protocol 24) wherein, following a warm-up, the participants performed 15 × 30 meter sprints with a period of 1 minute rest between repetitions. Subjects were instructed to maximally sprint between the cones and stop within the 10 meter deceleration zone, laid out immediately after the 30 meter sprint zone. After the completion of a repetition (i.e., the subject had come to a halt), the rest period was initiated. The criterion measures were recorded at 24, 48 and 72 hours after the sprint protocol. The same therapist administered each individual test.
Muscle soreness, range of motion, thigh circumference, maximum voluntary contraction, CK, and LDH were assessed as markers of the muscle damage. The soreness in lower limb was assessed while squatting at a knee angle of approximately 90 degrees, using a 200 mm visual analogue scale with "no soreness" at one end and "unbearably painful" at the other 18) . Range of motion was measured for knee flexion using a plastic goniometer and universal landmarks (lateral epicondyle of the femur, lateral malleolus and greater trochanter) to ensure alignment 38) . Thigh circumference was measured at 5, 10 and 15 cm above the patella by a gulick tape measure while the participant was in the long-sitting position with a relaxed quadriceps muscle. The mean of 2 measurements was taken from each marked site, and the average value of the 3 measurement sites was used for statistical analysis 39) . Maximum voluntary contraction of the knee flexors and extensors was measured using the Lafayette MMT system (Model no. 01165; accuracy ± 1% over full scale or ± 0.2% lbs). The dynamometer test consists of an isometric "make contractions" in which the patient used each tested muscle group to push maximally against the plate and the piston of the hand-held dynamometer for 4-5 seconds 40) . Venous blood was used to measure CK and LDH. The blood was then centrifuged at 3,000 rpm for 10 min 41) . The serum was aspirated and stored at −20°C until being analysed for CK and LDH activity 39, 42) . The serum CK and LDH activity was assessed by a spectrophotometer at 340 nm set wavelength using a CK kit (NAC act. Crest Biosystems, CORAL) and LDH kit (LDH, P-L, Crest biosystems CORAL) respectively.
Vertical Jump performance, 20 m single sprint, and the Agility (Illinois Agility Test) were used to assess the physical performance. Vertical Jump performance is commonly used as an index for the power of the lower limb or explosive leg power [43] [44] [45] [46] . For squat jumps, the subjects were instructed to initiate from 90° knee flexion, and execute a maximum vertical jump while swinging their arms actively. To assess the counter movement jump, participants stood fully erect, and following a verbal command, initiated a countermovement followed by a maximal vertical jump in one continuous motion, keeping their legs straight whilst airborne, but using their arms during the jump 47) . 20 m single sprint is a standard test for assessing the running speed in soccer players 48) . The participants performed two 20 m trials separated by a 3 min recovery period. The best attempt was used for the analysis. Agility (Illinois Agility Test) is commonly used to measure agility in soccer. The best score (time) of three trials performed by each subject was used for the analysis [49] [50] [51] .
Stork stand balance test was used to assess static balance. The test measures the ability of the participant to balance on the ball of the foot with hands placed on the hips while positioning the non-supporting foot against the inside knee of the supporting leg. The time (in seconds) for which the participant is able to maintain this position is indicative of his balance performance. The players performed three attempts and the best time was recorded for analysis 52) . The same procedure was carried out for both lower limbs. Dynamic balance was assessed using the modified star excursion balance test (SEBT), where 3 reach directions (Anterior, Posteromedial, Posterolateral) were measured 53) . Participants performed two practice and three test trials with each leg. The order of testing was random. The farthest reach distance was recorded (cm) with a mark on the tape in each direction. Reach distances were normalized to leg length (% leg length). If the evaluator felt the participant used the reaching leg for support, removed his foot from the centre of the grid, or was unable to maintain balance on the support leg, the test was discarded and repeated 54) .
Data were assessed by a Shapiro-Wilk test for the normality of the distribution scores. SEBT scores that demonstrated non-normal distribution were log-transformed for further analysis. Fifteen participants were assessed during the experiment. To test for the difference across 4 assessments, a repeated measure ANOVA time (pre, 24, 48 and 72 hours) was employed. When the main effect of time was significant, a Bonferroni test was employed as post hoc analysis to locate the time points having significant difference. The significance level was set at p<0.05. For SEBT, the average of three distances (cm) scores was taken for all the three directions over the three trials and was normalized to leg length. [Reach distance/ leg length × 100 = percentage of leg length]. The normalized composite reach distances between the right and left leg were analyzed and compared using a paired t-test to examine the differences.
RESULTS
The markers of muscle damage showed a significant effect for time (Table 1) , as did the physical performance and balance variables (Table 2) . Moreover, the post hoc analyses revealed maximum differences between baseline and at 24 hours following EIMD and non-significant differences between baseline values and those recorded at 72 hours ( Table 2 ). The paired t-test used to compare the scores for composite reach distances, indicated no significant difference between the right (M=85.7, SD=6.99) and left leg (M=86.3, SD=6.32), p=0.336. 
DISCUSSION
Objective of the present study was to examine whether EIMD following sport-specific repeated sprints would affect the physical and balance performance in the male collegiate soccer players. More pronounced increase in the muscle soreness, limb circumference, plasmatic CK and LDH activity and a decrease in ROM and maximal voluntary contraction provide indirect evidence to suggest that EIMD was present following the sport-specific repeated sprints. Our findings suggest that the EIMD was induced in both dominant and the non-dominant limbs. Indeed, all the variables chosen to examine the changes in physical and balance performance showed significant change after the protocol. Although, a previous study has investigated the EIMD using the markers of muscle damage and physical performance in athletes 55) . However, to the best of our knowledge, till date, no study has investigated the effects of EIMD on dynamic balance performance. This is the first study that comprehensively examined the pain sensation, biochemical, physical and balance performance in both dominant and non-dominant legs in athletes using a sport-specific protocol.
Muscle soreness, increased 24 hours after exercise, peaked at 48 hours and finally decreased at 72 hours in both quadriceps and hamstring, showing a similar trend as that observed by Howatson et al. 24) using the same protocol. The trend to rise in the soreness that peaked at 48 hours have been observed in many other damaging models 18, 56, 57) .
Knee ROM demonstrated a reduction at 24 hours. Further, the ROM remained decreased even at 48 and 72 hours following EIMD. This result is similar to previous studies which suggest ROM decreased, after the exercise protocol and did not recover for the next 3 days 58, 59) . The cause of decreased ROM following eccentric exercise is not well explained. However, earlier studies have suggested that shortened non-contractile components, change in calcium homeostasis due to muscle damage, decreased strength, and/or swelling may be responsible for decreased ROM 12, 60) .
Thigh Circumference demonstrated a peak increase at 24 hours (3.2%), consistent with the findings of Howatson et al. 24 ) who used the same protocol and reported an increase in limb girth of 3% at 24 hours. The present study demonstrated reduction of swelling at 48 hours (2.5%) and at 72 hours (0.2%).
Maximal Voluntary Contraction showed a significant drop at 24 hours, gradually recovering at 48 hours and the recovery continuing up to 72 hours in both quadriceps and hamstrings. Measurement of the maximal force during isometric contractions is the most common method of assessing muscle function following eccentric exercise and is considered a reliable indicator of muscle damage 9) .
CK showed peak activity at 24 hours following exercise, gradually recovering at 48 and 72 hours. This trend was similar to the results of Howatson et al. 24) utilizing the same protocol for EIMD. The CK response peaking at 24 h post-exercise was in accordance with previous study using a similar protocol to induce damage 47, 61) . It would appear that other lower limb exercise such as downhill running 62) also follows a similar trend to this investigation. LDH showed a rise of 68% the baseline values at 24 hours, gradually decreasing to 40.2% and 1% from the baseline at 48 and 72 hours, respectively. Armstrong et al. 63) reported that LDH showed a significant secondary late phase elevations at 24-48 hours post downhill running. However, Sudhakar and Naiya 64) in their study found that that serum LDH level peaked at 48 hours after the EIMD which is different from the findings of this study.
In a 20 m sprint after 24 hours, the sprint time increased by 6.6%. At 48 hours, the sprint times improved showing an increase of 4.6% from the baseline values. At 72 hours, the sprint times remained elevated by 1.2%. These findings are consistent with Highton et al. 7) and Twist and Eston 57) , who reported that sprint times was significantly increased at 24 and 48 hours following EIMD before returning to baseline levels at 72 hours. But they have measured 5 m and 10 m sprint performance. On the other hand, contrary to these studies Semark et al. 41) reported no significant impairment in sprint running performance over 5 m, 10 m, 20 m, and 30 m following 70 drop jumps and reported that there was insufficient muscle damage to impair sprint performance.
Agility showed a significant reduction following repeated sprints in this study. This is similar to the of study done by Highton et al. 7) who has reported a significant reduction in the agility performance following plyometric exercise and suggested that the reduction in agility performance may be due to a reduction in both strength and running speed. This study also showed that increase in sprint (6.6%) is not exclusively responsible for decrements in agility performance (4.2%).
Vertical Jump demonstrated a significant drop in both squat and counter-movement jump performance following repeated sprints. The squat jump performance showed a decrease of 7.1% in both 24 and 48 hours and 1.1% at 72 hours and the counter-movement jump performance showed a decline of 11.6% at 24 hours, 11.1% at 48 hours and 3.8% at 72 hours following damaging protocol. The result of our study is in accordance with the study done by Sarabon et al. 65) , which showed a more pronounced drop in counter-movement jump height in relation to squat jump height 24 hours following EIMD. However, in their study the recovery was slower for squat jump as compared to counter-movement jump, which is contrary to our study which suggests a comparatively slower return for the counter-movement jump. This may be because of different damaging protocol used as their protocol emphasized damage of the hamstring muscles and ours on the quadriceps. Another study also observed a prolonged reduction in vertical jump height, by 11% in squat jump performance after 50 drop-jumps 47) .
Static balance revealed similar results to the study of Twist et al. 66) who reported a significant impairment in unilateral balance from baseline at 24 hours following plyometric exercise and no significant impairment at 48 and 72 hours following plyometric exercise. However, Sarabon et al. 65) found no significant impairment on unilateral quite stance following drop jumps and leg curls emphasizing hamstring damage. The authors state that the reason for the non-significant changes might have been due to very less involvement of hamstring muscle during single leg stance. They further suggested that decreased hamstring muscle function may be due to minimal muscle activation and more degree of freedom of hip and thigh muscles. Twist et al. 66) proposed that balance performance was exacerbated by both central and peripheral mechanisms. Olmsted et al. 67) suggests that static postural impairment is caused by impairment of proprioception and neuromuscular control. This is the preliminary study to investigate the effect of EIMD on dynamic balance. The results suggest that the dynamic balance recorded by SEBT declined significantly at 24 hours in all the directions. The balance recovered significantly in posteromedial and posterolateral directions and non-significantly in anterior directions at 48 hours. At 72 hours balance improved significantly in all the directions and reached close to the baseline. Late recovery in anterior directions may be because the muscle damage was more in the quadriceps which is found to be more active during the anterior directions 68) . To perform the anterior direction, subject leaned backward, extending the trunk, to maintain their balance. Gravity action on the upper body creates a larger knee-flexion moment, which must be controlled by the extension moment produced by the quadriceps.
Lephart et al., Balter et al., and Paterno et al. [69] [70] [71] found that training experiences that improve joint strength, ROM and neuromuscular coordination, are also likely to lead to improved balance. This suggests that if there is impairment in neuromuscular coordination, reduction in the strength, ROM, and the balance is likely to be affected. Further Olmsted et al. 67) believed that dynamic postural impairment may be influenced by impaired neuromuscular control, proprioception, ROM and joint strength. Palmieri et al. 72) suggested that balance is influenced by sensory information obtained from the somatosensory, visual, and vestibular systems and motor responses that affect coordination, joint range of motion (ROM), and strength.
Previous researches suggest that eccentric exercise causing fatigue lead to desensitization of intramuscular receptors (muscle spindles and Golgi tendon organs) which consequently result in balance impairment 35, 73, 74) . Moreover, the resting tension of the muscle is altered by repeated muscle contractions during sprints thereby, further modifying the proprioceptive control 74, 75) . Studies have alluded that muscle damage results in change in kinaesthesia 34) , muscle spindle activity 76) and reflex sensitivity 77) which increases muscle stiffness affecting performance of skilled movements. These findings on proprioceptive and kinaesthetic control concur with the results of the present study that also recorded deterioration in balance from 24-48 hours. Investigations studying the central responses to eccentric exercise state that soreness significantly influences proprioception 74, 78) .
Muscle strength showed a significant drop at 24 hours, gradually recovering at 48 hours and continuing up to 72 hours, in both quadriceps and hamstring. In this study force loss showed the same temporal trend of recovery as that of balance performance. Hence, it may be that impairment in balance is because of a reduction in maximum voluntary contraction of quadriceps and hamstrings. Hesari et al. 68) demonstrated that there was co-contraction of the quadriceps and hamstring during all directions of excursion. The quadriceps muscle showed maximum activation during the anterior excursion; vastuslateralis during the posteromedial excursion and biceps femoris during the posterolateral excursion. In the current study, the decline in activity of both quadriceps and hamstrings might have led to decrements in balance performance as shown by a decrease in the normalized reaching distance. The results also demonstrated decreased in ROM at 24 hours, the ROM remains decreased even at 48 and 72 hours following EIMD. Gribble et al. 79) in their review article suggests that knee movements in the sagittal plane strongly influence SEBT performance. Differences in sagittal plane knee ROM have been demonstrated among the different reach directions 80) . The anterior, and posteromedial directions produced more knee flexion and it was less in the posterolateral direction. Therefore, we suggest that alteration in ROM as found in the present study might have affected the normalized reach distances.
The findings of this study would benefit sports physiotherapist, athletic and fitness trainers quantify balance after EIMD in order to reduce musculoskeletal injuries and improve performance. The study highlights the fact that even trained and reasonably well-conditioned players still experience EIMD, despite being familiar to the exercise stress. Athletes should make effort to prevent the onset of EIMD that might compromise the efficiency of training. In EIMD, an adequate recovery (˃72 hours) with regeneration techniques 11) should be provided. Further application of this study is that athletic trainers may use these tests to check for athletes' readiness for return to sports.
The Stork balance test and SEBT measurements may be considered as limitations of this study because they could not quantify postural sway. Force platform is considered as gold standard for measuring static balance 81) and although no gold standard has been defined for dynamic balance, more sophisticated techniques such as dynamic postural control index and the time-to-stabilization test for dynamic balance are available. SBT and SEBT require minimal equipment and are clinically friendly. Additionally, specific components of balance (e.g., proprioception, vision) were also not examined in this study. Future researches must be conducted to address these issues and include ultrasonography, MRI images, and EMG techniques to establish an advanced understanding of the physiological manifestations of EIMD. Other blood markers such as plasma interleukines, TNF-α and CRP may be used for a comprehensive evaluation of the inflammatory responses after EIMD.
In the conclusion, both the physical and balance performance studied were affected following repeated sprint protocol in soccer players. Similar changes were found in CK activity, MVC, ROM and balance performance with time suggesting a correlation between the biochemical markers and neuromuscular changes. Moreover, the study found EIMD can be induced even in an athletic population; therefore, the trainer should be careful while adding intense eccentric contractions during the training. It is recommended that the balance performance of an athlete be continually assessed following EIMD so as to determine the appropriate return to sport decision thereby, minimizing the risk of further injury.
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